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On the one hand, no one international model for quality assurance evaluation of higher education 
has emerged. On the other hand, as a reference model rather than a prescription, the CDIO 
initiative proposes a mature integrated framework f creation or continuous improvement of 
engineering programs. However, institutions developing and managing educational programs 
have to juggle the expectation of various accreditation and evaluation bodies, which may create 
consistency and interoperability problems. There is an obvious need to unambiguously specify 
relations among quality assurance concepts in order to nable more transparent and comparable 
descriptions of quality frameworks for educational programs. Following constructive alignment 
principles, this article creates structural models using some of the CDIO Standards. In doing so it 
lays the foundations of an architectural meta-model for describing complex educational systems, 
which will contribute to consistency and interoperability among quality frameworks. 
 
Keywords: Education, engineering, educational frameworks, CDIO, system thinking, design, 
models, quality assurance, constructive alignment, curriculum. 
 
INTRODUCTION 
The ongoing process of program transformation impacts n institution’s operating modes, its 
quality and its future performance. The management of educational transformation is thus of 
strategic importance to universities, schools and programs. During the last decade, various 
models of quality management have emerged in the form of quality assurance (QA) criteria and 
standards that can help program leaders to evaluate and improve their various educational 
systems including curricula, workforce, workspaces, support services, and administrative 
processes. However, these complex QA frameworks are not always clearly described. As a 
result, the increasing complexity of their concerns, criteria, and standards requires new and 
different types of expertise on behalf of program designers and managers.  
It is very difficult for educational organizations and their managers to ensure interoperability 
among existing QA programs and frameworks since no global unified model for higher 
education QA has yet emerged. Therefore, it is essential to identify the common core concepts of 
the various QA frameworks to facilitate the process of program design and transformation. A 
system modeling approach is an obvious choice for meeting such a challenge since it makes it 
possible to meaningfully, unambiguously, and accurately specify concepts, relations, and 
viewpoints among stakeholders. 
An educational program rest on three main pillars: 1) an intended or declared curriculum, 2) a 
enacted or taught curriculum, and 3) a validated or learned curriculum that share a set of 
common core concepts in the form of learning outcomes (Harden, 2001). The main objective of 
this article is to provide a framework for describing the concepts associated with these three 
pillars. This article identifies key concepts for modeling these pillars of educational programs 
following constructive alignment principles (Biggs, 1996). It is hoped that this effort will result 
in the unambiguous description of the relationships among these several concepts.  
This article is structured as follows. As background, some existing notions of educational 
modeling are quickly surveyed. Next, three conceptual and structural models, that correspond to 
the aforementioned educational program pillars and support constructive alignment, are proposed 
based on three of the Conceive-Design-Implement-Operate (CDIO) Standards (CDIO, 2010). In 
this section it is argued that the other CDIO Standards can be regarded as resources, properties or 
constraints in such models. Relations between concepts of these models are then derived. The 
following section examines the benefits of educational system modeling for various stakeholders, 
and presents the requirements for constructing viewpoints that represent their concerns. This 
section then reviews some quality management models in ducation so as to pave the way for 
future work on architecting educational systems. The last two sections respectively provide some 
future directions and conclude this article. 
 
BACKGROUND: TOWARDS MODELING EDUCATIONAL FRAMEWORKS 
Analyzing an educational program from conceptual and structural perspectives reveals semantic 
relations among the three pillars, that are the intnded or declared, the enacted or taught, and the 
validated or learned curricula (Harden, 2001). These three pillars share a set of common core 
concepts, principally in the form of learning outcomes.  By analyzing the CDIO Standards from 
such perspectives it is possible to clarify and structure, at an abstract level, the currently complex 
CDIO standards. In fact, as the size and complexity of educational systems increase, it is a major 
challenge to unambiguously describe common concepts among the various stakeholders involved 
in program design or transformation. In such a context, modelling approaches allow one to 
represent, visualize, and document the artefacts of a system in terms of these different points of 
view. Models permit one to unambiguously and consistently describe concepts and their 
relationships (Muller et al, 2010). In addition, by minimizing ambiguities and introducing a 
certain degree of formality, modelling approaches enhance better understanding, coherency, 
alignment, analysis and (re)usability of common concepts, principles and recommendations 
related to program design or transformation. 
 
Managing Flexibility and Interoperability in Educational Frameworks 
The twelve CDIO Standards offer many keys for reforming and/or continuously improving 
engineering programs for preparing the next generation of engineers (Crawley et al, 2007). 
Representing much more than a simple syllabus that org nizes learning outcomes, the CDIO 
Standards form a multidimensional educational constellation addressing several stakeholders’ 
issues through recommendations regarding workspaces, curriculum integration, learning styles, 
faculty development, assessment, evaluation, and QA continuous improvement (CDIO, 2010).  
In order to keep pace with the rapid evolution of societal environments and educational 
missions, first, the CDIO approach embodied in the Standards must remain dynamic by being 
continually updated. This is evident, for example, in recent changes of to CDIO Standard 2 
syllabus items relating to sustainability, leadership and entrepreneurship issues (Crawley et al, 
2011). Second, educational programs and institutions must adapt the CDIO framework to their 
own reality depending on quality requirements, thatis, criteria defined by various professional or 
governmental accreditation boards as well as those specified in local quality management 
models. Third, educational programs and institutions are being expected to collaborate more 
extensively and more formally with a variety of internal and external partners to enhance their 
visibility, improve their ratings and rankings, and i crease student exchanges. This is occurring 
within a context of increasing funding constraints. A  a result, educational institutions must work 
within various educational and business systems and their related QA frameworks (Castelli et al, 
2010).  
These demands make flexibility and interoperability a major challenge. A systems thinking 
approach along with the CDIO Standards can help educational programs and institutions respond 
to these expectations and constraints. Taking its inspiration from a standard complex system 
architecting approach, this article lays the foundation for an architectural meta-model by 
highlighting concepts and properties of educational systems and holistically addressing the issues 
of interoperability and flexibility among educational QA frameworks. 
 
Educational Modeling, towards a System Thinking Approach 
In the context of system thinking, a model is defind as a “representation of the reality for a 
given purpose; it is an abstraction of reality in the sense that it cannot represent all aspects of 
reality, allowing people to deal with the world in a simplified manner, avoiding the complexity, 
danger and irreversibility of reality” (Rothenberg, 1989). Models can provide a means of 
integrating, clarifying, and making comparable, concepts inherent in various educational 
systems. Several relevant educational modeling langu ges exist for this purpose. Martinez-Ortiz 
et al (2007) classify education modeling languages in three categories: 
1. Content Structuring Languages allow designers to arrange the learning resources in 
sequences, always taking into account the learner’s eds and performance in order to 
improve the learning experience; 
2. Activity Languages focus on the activities in general during the learning process; and 
3. Evaluation Languages allow designers to describe the stages of the learning process in 
which problem-solving or question-answering are involved. 
While initially developed for software engineering purposes, the Unified Modeling Language 
(UML) (Booch et al, 2005) is the accepted de facto standard for specifying and documenting 
software systems. Due to its significant expressiveness and relative simplicity, it is being used 
more and more to create visual models for other types of systems such as engineering systems, 
information or enterprise systems, and business and finance systems. Therefore, it is also a very 
good candidate for educational system and QA framework modeling.  
UML uses several types of diagram components (otations) to visually represent structural 
modeling elements and to describe their relationships and interdependencies. Many types of 
relations can be captured. Three special types of relations, frequently used and therefore singled 
out in UML, are one-to-one association, containment and inheritance. Figure 1 shows the basic 
notations proposed in a specific UML diagram that are used in this article: 
1. The first Association relation, represented by a link, means there is a connection between 
two concepts. For example, the top relation in Figure 1 shows a one-to-one relationship 
between these two Concepts, where one AConcept that is associated with one 
AnotherConcept. An annotation or verb can be added to the link that describes the 
relationship.  
2. Associations can also support multiplicities. This is shown by an * on one end or on each 
end of a link. For example, the second relation of Figure 1 specifies that a 
ContainingConcept is associated with zero or more ContainedConcepts (‘*’ multiplicity). 
By default, if there is no multiplicity specified on a link, then it is considered 1 (as in the 
first relation). Multiplicities can also be of type 1..*, if at least one ContainedConcept is 
required; 
3. The third and last relation in the Figure 1, Inheritance, means that a SubConcept has all the 
properties of a SuperConcept (much like a child inherits all the belongings of his/her 
parent). SubConcept can have new properties that SuperConcept did not have, and can 
redefine properties inherited from SuperConcept. Note that the direction of the arrowed 




Figure 1. Basic relations between concepts for structural modeling in UML. 
 
Apart from structural diagrams as presented, behavior l diagrams make it possible to capture 
the varieties of interactions among concepts, their inputs or outputs, and their current states and 
dynamic changes over time. To model these aspects, UML employs for example use case 
diagrams and communication diagrams. Temporal models could have been introduced using 
UML activity diagrams or by using other dedicated business process modeling notations (zur 
Muehlen et al, 2010). In fact, educational processes lik  student recruitment, pedagogical 
development and deployment, and course or project unit design and implementation require 
specific behavioral notations (Rouvrais et al, 2010). However, only structural views associated 
with conceptual information models will be considered in the remainder of this article. 
 
STRUCTURALLY MODELING AN EDUCATIONAL FRAMEWORK: THE CDIO CASE 
The CDIO approach celebrated its 10th anniversary in 2011 and today provides a mature 
integrated framework for creating, reforming, or continuously improving engineering 
educational programs. Three of its Standards (2 Syllabus, 3 Integrated Curriculum and 11 Skills 
Assessment) are the cornerstone for constructive algnment (Malmqvist et al, 2011). As defined 
by Biggs (1996), constructive alignment clarifies the design of a curriculum and sheds light on 
the relationships among intended learning outcomes, teaching and learning activities, and the 
assessment of learning outcomes. As noted earlier Harden (2001) asserts that a curriculum is not 
limited to its current manifestation but can be separated into 1) an intended or declared 
curriculum, 2) an enacted or taught curriculum, and3) a validated or learned curriculum. These 
three pillars share concepts in the form of the constructive alignment elements of learning 
outcomes, teaching and learning activities, and assessment methods. The main issue is the extent 
to which the elements of the constructive alignment model are the same or different in all three 
curricula. 
When numerous curricular concepts are interconnected from both structural and behavioral 
perspectives, constructing an integrated curriculum can facilitate coherency, transparency, 
comparability among the concepts (Froyd & Ohland, 2005). The following subsections discuss 
structural diagrams related to the three CDIO Standards that are relevant to an integrated 
curriculum as embodied in the constructive alignment model and the three manifestations of a 
curriculum. These diagrams highlight the conceptual information that describes the relationships 
among the three Standards (2 Syllabus, 3 Integrated Curriculum and 11 Skills Assessment). The 
diagrams can serve as case studies and as such provide heuristic devises applicable to clarifying 
the relationship of elements in other educational frameworks. 
 
Modeling Syllabus and Learning Outcomes 
The learning outcomes of a syllabus are one element of the intended or declared curriculum and 
one aspect of an integrated curriculum as viewed from a constructive alignment perspective. As 
is the case with CDIO Standard 2 Syllabus, these learning outcomes rarely occur in isolation. 
The related concepts and associations of the intended or declared curriculum can be represented 
in a diagram as in Figure 2, where a Syllabus is composed of zero or more L arning Outcomes 
(symbolized by an * that indicates multiplicity between the two concepts). Similarly, a learning 
outcome could be associated with zero or more Core Knowledge, Skills, or Activity Domains. 
Depending on the design rationale and educational framework, Core Knowledge and Skill are 
associated with Learning Outcome to derive particular core knowledge-oriented learning 
outcomes and skill-oriented learning outcomes. By inheritance, Skills can be of type 
Interpersonal or Personal such as the personal and professional skills and attitudes in the CDIO 
Syllabus (Crawley et al, 2011). These relationships are shown in the diagram through their direct 
association with the Learning Outcome lement.  
In addition, by inheritance, a learning outcome canbe of type Optional (e.g. sustainability, 
leadership and entrepreneurship issues of the revised CDIO Syllabus (Crawley et al, 2011)). A 
learning outcome can also be associated with one or more Category (1..*). A category may 
include learning outcomes specificities as those embodied in Bloom’s cognitive domain (Bloom 
et al, 1956) or Krathwohl’s affective domain (Krathwohl et al, 1964).  
At the bottom level of the diagram are several Activity Domains, namely, Operating, 
Implementing, Designing, and Conceiving. These are associated with Syllabus through their 
Inheritance relationship with the Activity Domain (as sub-concepts) with Learning Outcomes. 
This implies that Learning Outcomes of all types will be influenced by the Activity Domain(s) 
with which they are possibly associated. Any program that has a Syllabus as its base can be 
described and evaluated for completeness or validity using a specific model such as the CDIO 
Syllabus or EUR-ACE European Qualifications Framework (EQF, 2008) as described by 




Figure 2. Syllabus Intended curriculum diagram. 
 
Modeling the Integrated Curriculum 
The second pillar of a program is the enacted or taught curriculum that is represented by the 
actual courses and associated elements of a particul  program of study. In CDIO Standard 3 
Integrated Curriculum, a CDIO compliant curriculum is described being designed with mutually 
supporting disciplinary courses and with an explicit plan to integrate personal and interpersonal 
skills, along with product, process, and system building skills. In addition, the CDIO Standards 
identify an Introduction to Engineering course that provides the framework for engineering 
practice (Standard 4), Design-Implement Experiences at a basic and advanced levels (Standard 
5), and Integrated Learning Experiences (Standard 7) as part of a CDIO compliant program 
(CDIO, 2010). 
It is possible to represent such elements of a program in a structural model like that shown in 
Figure 3. As represented in this figure a Program may contain one or more courses (1..*) and 
associated elements, for example, zero or more Extracurricular Activities (0..*) and multiple 
Internships (*). The Course concept is inherited by different types of courses uch as Core, 
Introductory, Major, Minor, or Elective. A Course, whatever type, could contain multiple (*) 
Activities such as Tutorial, Laboratory, Lecture, Project, etc. These different types of activities 
can be combined conceptually in a Course to create, for example, a specific Project concept such 
as an Introductory Project or Major Capstone Project. As a result, Activity may consist of Active 
Learning approaches that are described in CDIO Standard 8 as teaching and learning based on 
active experiential learning methods. In addition, a  Activity has Resources allocated to it. 
Resources can be for example a type of Room, that is, facilities in the form of engineering 
workspaces and laboratories that support and encourage hands-on learning (CDIO Standard 7), 
and Teacher or other instructional staff with various roles, responsibilities and competencies as 




Figure 3. Taught curriculum diagram. 
 
Modelling Skills Assessment 
The third pillar of a program, the validated or learned curriculum is based on various types of 
student learning assessment activities (Boud, 2010). These activities are the focus of CDIO 
Standard 11 Learning Assessment (CDIO, 2010). Assessm nt concepts and associations can be 
represented in a diagram such as that in Figure 4. The Assessment concept is of different types, 
e.g. as the following methods proposed by inheritance: Portfolio, Interview, Report, Exam, 
Moral Assessment, or Oral Presentation. There may be one or more Forms of Assessment 
organized under the Formative or Informative sub-concepts, often termed summative assessment. 
In addition, Assessment is typically associated on a 1-* basis with Proficiency Levels used to 
validate the accomplishment of student learning, in other wo ds, the learned curriculum.  
The customized CDIO Syllabus described in Crawley (2001) indicates expected interim and 
final levels of proficiency (in parentheses, e.g. 4.4/ ) relative to the leaning outcomes. These 
expected levels of proficiency were obtained by surveying key stakeholders among the alumni, 
faculty, and industry. In addition, this customized syllabus has outcomes that are stated in 
behavioral terms that facilitate either the Formative or Informative Form of assessment 
(Crawley, 2001, p C-1): 
2 PERSONAL AND PROFESSIONAL SKILLS AND ATTRIBUTES 
2.1 ENGINEERING REASONING AND PROBLEM SOLVING (4.0) 
2.1.1 Problem Identification and Formulation (4.4/4) 
Evaluate data and symptoms  
Analyze assumptions and sources of bias  
Demonstrate issue prioritization in context of overall goals 
Formulate a plan of attack (incorporating model, analytical and numerical 
solutions 
Qualitative analysis, experimentation and consideration of uncertainty 
Proficiency level also could be measured using the European Qualification Framework (EQF, 
2008) that includes eight levels of proficiency described in terms of learning outcomes. And 
Bloom’s (Bloom et al, 1956) or Krathwohl’s (Krathwohl et al, 1964) taxonomies could be used 




Figure 4. Validated curriculum diagram. 
 
Other CDIO Standards 
We propose three diagrams that focus on nearly all of the CDIO Standards as a graphical 
representation of the three curriculum pillars. However, a conceptual information model also 
contains elements of documentation and judgment that are embodied in CDIO Standard 12 
Program Evaluation. Since this concept is quite overarching, it could be viewed as a behavioral 
activity supporting continuous improvement based on the lessons learned relative to the various 
CDIO Standards when comparing and contrasting the intended or declared curriculum, the 
enacted or taught curriculum, and the validated or learned curriculum. CDIO Standard 1 CDIO 
The Context, can be seen as representing the princiles to follow or a mission statement and as 
such will be discussed in the following section on architecting educational frameworks. 
 
Relationships among Conceptual Information Models 
Following constructive alignment principles, the connection between the first intended or 
declared curriculum (Figure 2) and the third validate  or learned curriculum (Figure 4) lies in the 
fact that the Assessment concept in Figure 4 is associated with the Proficiency Level that a 
student has achieved for a Learning Outcome as shown in Figure 2. This relation is depicted at 
the bottom/left of Figure 5, with a one or more multiplicity (1..*) on both ends.  
Learning outcomes are also multiply associated with Activities of the enacted or taught model 
as shown in Figure 5 (1..*). As simple two dimensioal matrixes, curriculum maps are used to 
visually represent the association between learning outcomes and activities embodied in intended 
and taught curriculum (Harden, 2001). Curriculum mapping facilitates transparency among 
stakeholders and facilitates completeness and coherency of learning outcomes in the intended 
and declared curriculum. Proficiency or degree level expectations can be introduced at the 
intersection in such matrixes when a course addresses a pecific learning outcome and can be 
based on a variety of schemes (EQF, 2008; Bloom et al, 1956; Krathwohl et al, 1964; Crawley, 




Figure 5. Concept associations among conceptual information models. 
 
ARCHITECTING AN EDUCATIONAL SYSTEM INCORPORATING STAKEHOLDER 
VIEWPOINTS 
Following an architectural modeling approach is the key to understanding and managing 
complex educational systems. As stated in recommended practice IEEE 1471 (IEEE, 2000), a 
system is best documented via its architecture. As such, an educational system can be described 
through a set of architectural models that consists of he concepts and properties of its constituent 
sub-systems. It exists within a particular environme t and fulfills one or several missions, as 
expressed in the CDIO Standard 1 The Context, for example. 
In architecting an educational system it is possible to evolve a detailed description of the 
system while taking into account stakeholder views as hown in Figure 6. Following the path on 
the left side of the figure an Educational System has one Stakeholder or more (1..*), for example, 
the alumni, faculty, and industry people who provided input on the desired proficiency level of 
the CDIO Syllabus topics (Crawley, 2001). Each Stakeholder has one or more (1..*) Concerns 
(e.g. reputation, ranking, quality of education, valuable professionals)  that covers one Vi wpoint 
or more (1..*), e.g. financial, technical support, resource management viewpoints. Each 




Figure 6. IEEE-1471 system overview meta-model applied to educational systems. 
 
Following the path on the right side of the figure an Educational System has an Architecture that 
is delineated by a unique and, ideally, unambiguous Architectural Description. Fundamentally, 
the Architectural Description is organized by one or more Views (1..*), related to Stakeholder 
Viewpoints. A type of views is Diagram, which permit to visualize concepts specific to education 
and relation between them. The Architectural Description aggregates one or more (1..*) Models 
such as the three pillars of a curriculum. Models may be bounded by a multitude of Constraints 
(*) such as those inherent to the CDIO Standards or EUR-ACE European Qualifications 
Framework. Models are independent of Diagrams, because they can be described both 
graphically (using diagrams) and textually. 
Educational system design and transformation involves many stakeholders. The approach 
described makes it possible to unify multiple stakeholder views through architectural modeling. 
By constructing an educational system architecture the aggregation of multiple conceptual 
information models and their specific properties and constraints can be accomplished thus 
making it easier to understand the relations among shared concepts and, as a result, minimize 
ambiguities. Aggregating multiple conceptual information models allows educational planners 
and managers to address issues related to coherency and consistency early in the conceiving and 
designing phases, which can keep such issues from pliferating during the implementation and 
operational phases of educational system design and tr sformation.  
 
Benefits for QA 
Higher education institutions and programs are more and more required by professional societies 
and/or governmental agencies to meet quality standards (Patil & Gray, 2010). In order to do so, it 
is often said that two distinct disciplines must be mastered: engineering and management. QA 
frameworks and requirements defined by accreditation bodies (e.g. ABET, EUR-ACE, Engineers 
Australia) often incorporate quality management processes in their standards. The CDIO 
Standards have associated customized rubrics that provide guidance for self-evaluation and QA 
(CDIO, 2011) (See Gray elsewhere in this issue.) In particular, Standard 12 Program Evaluation 
is CDIO’s cornerstone of QA and continuous improvement. As such, the CDIO self-evaluation 
formative approach to QA is a complement to the other more formal frameworks and 
requirements. (See Malmqvist, Brennan, Costa and Sellens elsewhere in this issue).  
Quality management processes are critical for systematic and continuous improvement. This 
is exemplified by the highest levels of CDIO compliance (CDIO, 2011, p 2): 
• Level 5: Evidence related to the standard is regularly reviewed and used to make 
improvements. 
• Level 4: There is documented evidence of the full implementation and impact of the 
standard across program components and constituents. 
Level 5 in particular suggests evaluation by groups external to the program. The kinds of 
structural and process models described in this article have great potential for ensuring regular 
systematic review of engineering programs, as well as their continuous improvement. 
The architecting diagrams in this article can provide heuristic devises applicable to clarifying 
the relationship of elements in other educational frameworks related to continuous improvement 
and QA. A systems thinking approach along with the CDIO Standards can help educational 
programs and institutions respond to these expectations. In addition, introducing a certain degree 
of formality and thus minimizing ambiguities, modelling approaches enhance better 
understanding, coherency, alignment, analysis and (re)usability of common concepts, principles 
and recommendations related to program design or transformation. 
Another benefit of modeling educational systems using an architectural perspective is that it is 
possible to address issues related to interoperability among different QA standards or 
requirements at a meta-model or framework level. Addressing issues related to coherency and 
consistency among different QA approaches can facilitate co-operation among institutions using 
different standards or requirements. For example, if the relations between concepts from the 
CDIO standard and e.g. concepts from the EUR-ACE standard are described through a meta-
model, then the relations between models can be clarified and validated for all instances which 
conform to these models. It is therefore sufficient to describe the relations between models only 




In this article, we mainly focused on the structural and informational modeling aspects using a 
Unified Modeling Language (UML)-like notation. UML is a comprehensive set of graphic 
notations and thus permits the representation and visualization of a system structure, its 
behavioral activities, processes, and actors, and the relationships among them. Such a modeling 
language offers the advantage of a unified language, capable of describing a wide range of 
domains that can be more easily understood by all stakeholders. While this is very useful from a 
conceptual, informational and structural perspectiv, more details are often needed to deeply 
describe a system. The simple structural modeling notations used in this article lack the semantic 
strength required to represent such wider details.  
To address this deficit it is proposed that Educational Architecture modeling includes Domain 
Specific modeling language to be used at more detailed levels (Khoury, 2007). Domain specific 
modeling languages allow experts to express, validate and modify solutions, and achieve tasks 
specific to their domain, in this case QA in educational systems. Domain specific modeling 
languages require less cognitive design expertise than a more general purpose language such as 
UML (Green and Petre, 1996). As domain experts know much better their domain, the models 
they produce have an enhanced quality, productivity, reliability, maintainability, and reusability. 
We propose as future work to design dedicated and, it is hoped, more easily understandable 
graphical languages to facilitate modeling of education l system design and transformation by 
non-UML experts. To realize these advantages, the diagrams in Figures 2, 3, and 4 will need to 
be validated by educational designers so as to make them valuable for future Educational 
Architecture modeling. Developing appropriate Domain Specific modeling language notations 
and abstractions will make it possible to visualize, specify, construct and document an 
educational system QA meta-model or framework that is easily understood by the higher 
education community.  
 
CONCLUSION 
Educational frameworks are defined with varying degre s of rigor, and can thus lead to 
ambiguities among stakeholders having different concer s. To date, there is no standard 
commonly accepted way of conceptually describing educational systems, especially those related 
to continuous improvement and QA. To address this lack and to enable more transparent and 
comparable descriptions, this article shows how archite ting methods can be employed to 
provide high-level descriptions of educational systems. Based on constructive alignment 
principles, it proposes conceptual information models for capturing and exchanging concepts and 
data from the intended or declared curriculum, enacted or taught curriculum, and validated or 
learned curriculum. 
By identifying common concepts and building blocks as represented in the CDIO framework, 
the three proposed structural graphical models present d in this article allow us to describe and 
represent engineering education curricula more abstr ctly, so as to minimize ambiguities among 
stakeholders and sustain flexibility in design and transformation processes. As such, the 
proposed conceptual information models contribute to improving the portability and 
interoperability among existing programs and reference QA standards and frameworks, as well 
as facilitating continuous improvement in a QA context. 
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